A stability-indicating RP-HPLC method has been developed and validated for simultaneous determination of Valsartan & Hydrochlorothiazide and their impurities in FDC (Fixed Dose Combination) tablet dosage form. The method was developed using L1 column (250 × 4.6 mm; 5 µm) with gradient elution using the mobile phase consisting of solvent-A (0.1% Ortho phosphoric acid) and solvent-B (100% Acetonitrile); the gradient program (T min /%B) was set as 0/10, 5/10, 20/60, 40/60, 41/10 and 50/10. The eluted compounds were monitored at 265 nm. The developed method was validated as per ICH guidelines with respect to specificity, linearity, limit of detection, limit of quantitation, accuracy, precision and robustness. The influence of Acid, Alkaline, Oxidative, Photolytic, Thermal and Humidity stress conditions, on drug product was studied. The limit of quantification results of Valsartan, Hydrochlorothiazide and their impurities are, VAL: 0.303 µg/mL, HCTZ: 0.019 µg/mL, VAL RC-B: 0.085 µg/mL, VAL RC-C: 0.327 µg/mL, HCT RC-A: 0.017 µg/mL, CTZ: 0.080 µg/mL and 5-Chloro HCT: 0.047 µg/mL. The proposed method is suitable for the estimation of Valsartan & Hydrochlorothiazide impurities in tablets dosage form.
Introduction
Valsartan & Hydrochlorothiazide are available with the brand name of "Diovan HCTZ" in the form of immediate-release tablets with the dosage strengths VAL/HCTZ: 80 mg/12.5 mg, 160 mg/25 mg, 160 mg/12.5 mg, 320 mg/25 mg and 320 mg/12.5 mg. Diovan HCTZ is a combination of valsartan, an orally active, specific angiotensin II receptor blocker (ARB) acting on the AT1 receptor subtype, and hydrochlorothiazide, a diuretic [1] .
Valsartan (VAL), a nonpeptide molecule, is chemically described as N-(1-oxope- Hydrochlorothiazide (HCTZ) is a thiazide diuretic, chemically described as 6-chloro-3,4-dihydro-2H-1,2,4-benzothiadiazine-7-sulfonamide 1,1-dioxide. Its empirical formula is C 7 H 8 ClN 3 O 4 S 2 and molecular weight is 297.73 gms/mol. HCTZ is a white, practically white, odorless, crystalline powder. It is slightly soluble in water; freely soluble in sodium hydroxide solution, in n-butylamine, and in dimethylformamide; sparingly soluble in methanol; and insoluble in ether, in chloroform, and in dilute mineral acids [1] .
Monographs for VAL & HCTZ drug substance and drug product are available in United States Pharmacopoeia (USP) and in European Pharmacopoeia (EP) [2] [3] . And VAL + HCTZ tablets monograph is available in USP [2] . Literature survey reveals that Protein Precipitation/HPLC, HPLC/Liquid extraction, and UV methods for VAL [4] [5] [6] [7] and HPLC, GC/MS methods [8] [9] for HCTZ & HPLC, UPLC, UV, Capillary electrophoresis, First derivative UV, HPLC with Fluorimetric detection, LC/MS and Micellar electro kinetic chromatographic methods for simultaneous estimation of VAL + HCTZ in tablet dosage forms are available [10] - [19] . And Zhang Hui et al. [20] & Chen Xiao et al. [21] reported a method for the estimation of related substances in VAL & HCTZ tablet dosage form.
The objective of this article is to present a stability-indicating method to separate and estimate VAL & HCTZ and its related compounds precisely and accurately, due to that HCTZ-1 & HCTZ-2 impurities were not well separated from each other and peak shapes were found not symmetric in references [2] [20] [21] . In the present work, a simple, fast, accurate and precise liquid chromatographic method was developed for the separation and determination of VAL & HCTZ and its impurities.
Material and Methods

Reagents and Chemicals
The purity of all chemicals used was above 99%. grade; J T Baker), ortho phosphoric acid (Analytical grade; Sigma Aldrich) and highly purified water for analysis prepared by using Millipore water purification system (Millipore USA).
Instruments
Standard and test solutions were prepared using 50% Acetonitrile in Milli-Q water as diluent and analyzed by HPLC (Agilent 1260 infinity; Germany). HPLC system equipped with a quaternary pump, auto sampler with thermostat, column compartment, and PDA detector. Using Chemstation software the chromatograms were monitored and integrated. Hydrolysis stress studies performed using digital water bath (Grant). Samples stressed in dry air oven for thermal stress studies (Thermo scientific). Mobile phase was degassed in a sonicator (Powersonic 420; Labtech) and 0.45 μm Nylon membrane filters (PALL life sciences, USA) used for mobile phase filtration.
Chromatographic Conditions
The chromatographic column, Waters Symmetry shield RP18 (250 × 4.6 mm; 5 µm); and mobile phase consisting solvent A and B used for method development. 0.1% phosphoric acid (1 mL of ortho phosphoric acid in 1000 mL of milli-Q water) was used as solvent-A and 100% acetonitrile was used as solvent-B. The gradient elution (Time 
Preparation of Standard Solution
Working solution of 3.2 μg•mL −1 of VAL, 0.5 μg•mL −1 of HCTZ, and 2.5 μg•mL −1 of HCTZ-1 and 3.2 μg•mL −1 of VAL-1 standard solution is prepared by diluting appropriate volume of above system suitability solution with diluent.
Preparation of Test Solutions
Here test solution is prepared at concentration of 1600 μg 10 tablets of each strength taken into a 250 mL flask, dispersed the tablets with 5 mL of water. Added 70% of the diluent of total volume and sonicated for 15 min and diluted to volume with diluent. The above solutions were centrifuged at 3000 rpm for 10 min. The supernatant liquid was further filtered through 0.45 µm PVDF (or) Nylon syringe filters.
Test solution preparation-HCTZ: 
Method Validation
The objective of validation of an analytical procedure is to demonstrate that it is suitable for its intended purpose. The method was validated according to International Council for Harmonisation Q2 (R1) guidelines [22] for validation of analytical procedures in order to determine the specificity, linearity, limit of detection, limit of quantification, accuracy, precision and robustness.
Here HCTZ-4 impurity is not considered to determine the specificity, linearity, limit of detection, limit of quantification, accuracy, precision and robustness of method validation parameters, and only considered for identification purpose, due to not stable at solution state.
Solution Stability
The stability of VAL, HCTZ and their impurities was determined by leaving spiked sample solution in a tightly capped volumetric flask at room temperature (25˚C) and in refrigerator (5˚C) up to 48 hrs and measuring the amounts of the five impurities at every 24 hrs.
Specificity
Specificity is the ability of the method to confirm the non-interference from blank and placebo at the retention time of analyte peaks and at its potential impurities; and to measure the analyte response in the presence of its potential impurities. This study was carried out in presence of its six impurities. Forced degradation studies performed on drug product at the concentration of 1600 μg•mL −1 (VAL) and 250 μg•mL −1 of HCTZ, to prove the stability indicating nature of the method. Samples were stressed intentionally to degrade, at the condition of UV light (200 watt hr/m 2 ), Sun-light (1.2 Mill lux hrs), thermal (60˚C for 15 hr), acid (1 N HCl at 60˚C for 12 hr), base (1 N NaOH at 60˚C for 12 hr), water (at 60˚C for 12 hr), oxidation (10% H 2 O 2 at RT for 12 hr) and humidity (90% RH for 7 days) respectively to evaluate the ability of the proposed method to separate VAL and HCTZ from their degradation products. Using PDA detector the stress samples peak purity was checked for VAL and HCTZ peaks.
Linearity
Linearity test solutions for VAL, HCTZ and their impurities were prepared by diluting stock solutions to required concentrations. The solutions were prepared at ten concentration levels from LOQ to 200% of the specification level 1.0% for HCTZ-1, 0.5% for HCTZ-2 & HCTZ-3, 0.2% for VAL-1, VAL-2, and VAL & HCTZ. The peak area versus concentration data was treated by least-squares linear regression analysis.
Limit of Detection (LOD) and Quantification (LOQ)
The LOD and LOQ for VAL and HCTZ and their impurities were determined at a signal-to-noise ratio of 3:1 and 10:1, respectively, by injecting a series of dilute solutions with known concentrations. Precision study was also carried out at the LOQ level by injecting six individual preparations and calculated % RSD.
Accuracy
Standards of VAL, HCTZ and their impurities were spiked at different concentration levels namely LOQ, 50%, 100%,150% and 200% of the specification level with respect to their test concentration in triplicate and evaluated for accuracy of impurities. The percentage of recoveries for VAL, HCTZ and their impurities were calculated.
Precision
The precision of the method was verified by injecting six individual preparations of dosage form (VAL 160 mg and HCTZ 12.5 mg) spiked with its impurities of their specification level. VAL impurities are spiked at 0.2% with respect to VAL concentration 1600 μg•mL −1 and HCTZ impurities are spiked at 1.0% (for HCTZ-1) and 0.5% (for HCTZ-2 & HCTZ-3) with respect to HCTZ concentration 250 μg•mL −1
. % RSD of each impurity was calculated.
The same experiment was repeated on different day with different chromatographic system and different analyst to find variability.
Robustness
To determine the robustness of the method, experimental conditions were deliberately altered and the tailing factors, resolution between VAL, HCTZ and their impurities were recorded. The effect of flow rate was evaluated at 0.9 and 1.1 mL•min −1 instead of
. The effect of the column temperature was studied at 20˚C and 30˚C instead of 25˚C.
Results & Discussion
Method Development
The main target of the chromatographic method is to get the separation of impurities namely HCTZ-1, HCTZ-2, HCTZ-3 and HCTZ-4 of HCTZ & VAL-1 and VAL-2 of VAL and the degradation products generated during stress studies from the analyte peaks along with the actives.
A blended solution containing VAL impurities are spiked at 0.2% with respect to VAL concentration of 1600 μg•mL Using 0.1% TFA (Trifluoroacetic acid) as solvent-A in place of 0.1% OPA, experiments were performed using same brand C18 columns Hypersil BDS C18, Waters symmetry shield RP-18 and Zorbax SB C18 having dimensions 250 mm, 4.6 mm, 5 µm particles. Results found HCTZ-1, HCTZ-2 peak shapes not symmetric except with Waters symmetry shield RP-18 column.
Among these experiments, 0.1% OPA as solvent-A and 100% acetonitrile as solvent-B using Waters symmetry shield RP-18, 250 mm, 4.6 mm, 5 µm particles column had shown better resolution, peak shapes and responses. However to improve the resolution between HCTZ-1; HCTZ-2 & HCTZ peaks, effect of variations was studied with respect to flow rate and column oven temperature. Trial chromatograms are shown in Figures 3(A)-(C) . Based on the experiments with different gradient programs a gradient program (T min /%B) was set as 0/10, 5/10, 20/60, 40/60, 41/10 and 50/10 at detection wavelength 265 nm with the mobile phase consists of solvent-A (0.1% OPA) and solvent-B (100% acetonitrile), using Waters symmetry shield RP-18, 250 × 4.6 mm; 5 µm column was found suitable for separation of VAL, HCTZ and its impurities from each other at column oven temperature of 25˚C. The resolution between any two consecutive peaks is more than 2.0 and shapes of all peaks were found symmetric.
The above chromatographic conditions were suitable in separating VAL, HCTZ and its impurities from one other. Details of relative retention time, relative response factor, resolution and tailing factor values are summarized in Table 1 .
Wavelength Justification
Wavelength was selected based on wavelength maxima of VAL, HCTZ and their known impurities UV spectrums. VAL and HCTZ have wavelength maxima at about 260 -270 nm and their known impurities have sufficient absorbance for the measurement. Hence the 265 nm was selected as suitable wavelength for the estimation of impurities. The UV spectrums of VAL, HCTZ and their impurities has presented in Figure 4 (A) & Figure 4 (B).
Method Validation
Validation was performed on the developed analytical method for its acceptable performance to ensure suitability of intend purpose. The validation parameters like accuracy, precision, specificity, detection limit, quantification limit, linearity, range, ruggedness and robustness were executed and established method conditions to meet the requirements to execute the analysis of VAL and HCTZ combination dosage product. Linearity, limit of quantification, limit of detection, precision, intermediate precision at LOQ and percentage recovery of VAL, HCTZ and their impurities were established and presented. 
Solution Stability
The variability in the estimation of VAL and HCTZ impurities were within ±10% during solution stability experiment. The results from solution stability experiments confirmed that standard and sample solutions were stable up to 48 hrs.
Specificity: Results of Forced Degradation Studies
All forced degradation samples were analyzed at an initial concentration 1600 μg•mL The peak purity test result derived from photo diode array detector (PDA) confirmed that VAL and HCTZ peaks were pure and homogeneous in all the analyzed stress conditions and thus confirms the stability-indicating power of the developed method. Results of forced degradation studies were reported in Table 2 . 
Linearity
Linear calibration plot for impurities was obtained over the calibration ranges tested,
i.e. LOQ to 200% for impurities. The correlation coefficient obtained was greater than 0.998 (Table 3 ). The above result shows that an excellent correlation existed between the peak area and the concentration of all five impurities.
Limits of Detection and Quantification
The limit of detection and limit of quantification values were established based on the signal to noise ratios. Precision at LOQ values for VAL and HCTZ and its five impurities were established and reported in Table 3 .
Precision
The result of all the impurities (HCTZ-1, HCTZ-2, HCTZ-3, VAL-1 and VAL-2) in repeatability study was showed less than 15% RSD for each individual impurity. Data of repeat experiment was showed less than 2.3% RSD for impurities. These results are conforming good precision of the method. The % RSD values are presented in Table 3 .
Accuracy
The percentage recovery of impurities varied from 97.6% to 102.4% in the analysis of impurities. The % recovery values for VAL and HCTZ and their impurities are found accurate throughout the range selected.
Robustness
In all the deliberate varied chromatographic conditions like flow rate (−0.1 mL•min −1 ) column temperature (±5˚C of 25˚C) all the analytes were adequately resolved and elution orders remained unchanged. The resolution between all pair compounds was greater than 2.0 and tailing factor for VAL and HCTZ and their impurities was less than 1.5. The variability in the estimation of VAL and HCTZ impurities was within ±10%.
Conclusion
